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Conrad and Schro¨der 1991
1960
1 1965 4,139×106J(=1,150 kWh) 1980
12,048×106J =3,347kWh) 3 1990 16,108×106J(=4,475kWh)
4 2004 19,787×106J(=5,496 kWh) 5
2006
90% 1980 3
VTR 60 70% 1990
21.7% 2000 16%
1.3 2006



















































































































































































資料）農林水産省「食料品消費モニター定期調査結果 － 食料品の購買行動について－ 」
1.4:
1.3.2





































































































































































































A B C α β
1.6: Utility Tree (Deaton and Muellbauer 1980 )
Becker Lancaster
Separable
Blackorby Primont and Russell 1978 Deaton and Muellbauer
1980 1.6 Utility Tree A B C
α β
A B C









1963 1970 1980 1990 2000 2005
179,670 245,466 301,003 334,236 317,133 309,253
71,756 82,347 86,913 84,265 73,844 70,030
23.6% 16.0% 13.0% 10.9% 9.9% 9.7%
19.1% 16.6% 13.8% 13.2% 11.6% 10.8%
5.9% 7.4% 9.8% 9.8% 8.8% 8.2%
3.7% 4.8% 4.1% 4.4% 5.0% 4.9%
17.6% 15.0% 13.4% 12.3% 12.3% 11.8%
4.0% 5.4% 5.4% 4.5% 4.2% 4.0%
3.4% 3.5% 3.6% 3.6% 4.3% 4.7%
5.8% 6.4% 6.3% 7.0% 6.6% 7.0%
4.7% 4.3% 6.2% 8.6% 10.8% 11.9%
1.6% 3.2% 3.7% 4.0% 4.8% 5.8%
3.0% 3.9% 4.7% 4.9% 4.9% 4.9%
8.6% 11.2% 13.9% 16.2% 16.9% 16.5%
5,853 9,469 13,578 18,164 21,477 21,422
1,995 2,340 4,406 6,956 9,555 9,990
4,820 7,432 9,486 11,117 11,018 11,763
1,104 1,911 2,431 3,404 3,604 4,723






























































































































































































































































1972 808 2005 3,940
1972 855 2004 1,983
1972 711,367 2004 444,596
1.3.2 Becker 1965
1.3.3





































































































































































































































































KA KB A KA






2 i q1 q2 2
Ui = u(q1, q2KB, Zi) (1.1)
s.t. y ≥ p1q1 + p2q2 + pAKA + pBKB (1.2)
KA +KB = 1 (1.3)
KA ·KB = 0 (1.4)
q1, q2 ≥ 0 (1.5)
y Zi i p1 p2 q1 q2
u( ) KA KB 1.3 1.4
0 1 i
KA KB 1
pA pB KA KB
U Z q1 q2 KB
A KA
KA = 1, KB = 0 q2
u(q1, ζKB, Zi) = u(q1, ξKB, Zi) ∀ ζ, ξ ζ 6= ξ KA = 1, KB = 0.
KA q2




































1.11 D KA KB B
KB 2 q1 q2
D q2 q1 KB
D pA = αpB
u KA KB
u D
B pB A pA
α > α′ KB 0
B KB

































































1.13: α < α′′
24













KA KB KC KC
3 q1 q2 q3
1.4.1 q1 q2 q3
KA KB
KC q3 KC
Ui = u(q1, q2KB, q3KC , Zi) (1.6)
s.t. y ≥ p1q1 + p2q2 + p3q3 + pAKA + pBKB + pCKC
KA +KB = 1
KA ·KB = 0
KC ∈ {0, 1}
q1, q2, q3 ≥ 0
u( )
1.6 q3
Ui = u(q1, q2KB, q3KBKC , Zi) (1.7)
25
1.6 q3 1.7 q3
4
Ui = u(q1, q2KB, q3KC , q4KBKC , Zi) (1.8)
1.4
1.4.2















pA = αpB α < α′′ 1.13






































White, Stoughton and Feng 1999

























































n = nI + nII
G1 G2
γ % G3 φ%
j i ai,j when j ∈ G1 i ∈ G2, G3
(1− γ) i ∈ G2 (1− φ) i ∈ G3
L kWh G1
KG1 LKG1PG4 PG4 G4 1kWh
G4 G1 G2 G3
G4 (A.6) AˆI,I
AˆI,I = AI,I ¯
(
ι>ι −Γ −Φ +∆
)
(2.1)
ι 1 nI ¯
Γ Φ ∆ n
Γi,j = γ if i ∈ G2, j ∈ G1
= 0 otherwise
(2.2)











(CO2 ) CO2 R
CO2
CO2 E I E I
CO2 2002
G1 CO2 Eˆ I
= [Eˆ1, Eˆ2, ..., EˆnI ]
Eˆj = Ej − φVG3,jhG3ψG3xj if j ∈ G1
= Ej otherwise
(2.5)
VG3,j j G3 hG3












1 CO2 A (A.6) R [f I SW f ]
>
























































( nI nII︷ ︸︸ ︷
0 · · · 0
︷ ︸︸ ︷




2621-012 2621-013 2621-014 2621-015
2623-011 2623-012 2623-021 2631-011
















































































15◦C 55.1◦C j j ∈ G1
G3 φG3,j 1m3 41.2×106J =9,818
kcal






i∈G3 Ti,j = 1 for ∀j 11.0%
8.3% 10.6%
2005

































































(2.6) Rˆ [f I SW f ]
> (2.12)
(2.13) CO2



































































































































































































給湯エネルギー削減効果（1） （1,000  t－CO2/年）
0 5 10 15 20
農林水産業
鉱業













































































1960 68,138 27% 20% 6% 3% 22% 0% 7% 14%
1970 70,542 18% 13% 9% 6% 19% 5% 13% 17%
1980 73,325 15% 12% 12% 5% 17% 7% 17% 15%
1990 70,233 12% 11% 12% 5% 15% 10% 20% 13%
2000 61,303 11% 11% 11% 6% 16% 13% 20% 12%







WIO 2000 Nakamura and Kondo 2002
LCA





















f = (f1, f2, , fm)








































Nakamura and Nakajima 2005 Nakamura, et.al. 2007
WIO-MFA WIO-MFA WIO









100g ( )310kcal ( )142kcal










































































fj j 9121-00 φj
j γj j 2003
n = 19 3.3 M N = 47
M n = 19 P k = 28
2005
cij j i
i = 1, , n; j = 1, , N WIO-MFA
cij = the (i, j) element of C, ∀i if j ∈ P (3.3)
cij =1 ∀i if j ∈M (3.4)
C =(In − diag(φM ))AMP (I k −APP )−1 (3.5)
In I k n k φM i







AMP P M n× k APP
P P k × k
(3.2) Θ∗ 19.3 1
M 5.6





= Θ∗ 25.8% 22.4% 7.0% 9.5% 16.9% 16.8% 1.7% 100%
26.3% 23.5% 7.8% 9.9% 14.4% 16.6% 1.6% 100%
37.8% 19.3% 1.6% 5.2% 22.0% 11.6% 2.5% 100%
18.7% 18.8% 0.5% 8.2% 39.6% 12.6% 1.6% 100%
13.4% 36.0% 0.5% 5.7% 38.2% 2.6% 3.6% 100%
39.9% 18.5% 1.7% 5.0% 20.4% 12.0% 2.4% 100%
18.1% 17.4% 4.7% 9.3% 28.6% 19.7% 2.2% 100%
18.3% 17.0% 4.5% 9.1% 28.3% 20.6% 2.2% 100%
19.4% 17.9% 11.2% 18.6% 22.1% 7.2% 3.7% 100%
15.6% 20.7% 3.5% 7.4% 33.8% 17.2% 1.7% 100%









j=1 cij (1− φj) (1− γj)
(3.6)
































2111013 8,857 100 0
2111018 5,454 919 0
5111001 101,575 3,401 21,064
5121011 25,586 4,297 0
5122011 459 5 0
5211011 22,690 5,677 0
5211031 15,422 3,859 0
1.1 4297
4297× 3× 15.4





















m3 109 J 3
3.6
3.6: Θ∗ 1 1
CO2 t-CO2 2.288 3.196 3.512
m3 0.189 0.281 0.378




CO2 t-CO2 2.720 3.628 3.512
m3 0.252 0.344 0.378





CO2 t-CO2 3.399 4.036 3.512
m3 0.257 0.347 0.378














































( ) 53.8 49.8 56.0
( ) 51.9 110.7 115.9
( ) 19.7 25.4 26.4
( ) 13.3 27.1 13.6
( ) 15.2 19.2 14.0
( ) 47.1 63.5 36.1
( ) 1 40.0 0.1 0.0
( ) 695.1 430.1 1,282.8
( ) 1.5 1.0 1.5
( ) 188.2 168.3 20.3
( ) 37.0 33.2 60.1






















































































































































































































































































WIO Waste Input-Output model








x = Ax + f
= (Im −A)−1f (A.1)
m x m× 1 A m×m
f m× 1 Im m m×m IO





mII m = mI +mII
IO A.1 X I,I X I,II X I,II X I,II
i, j ai,jxj ai,j A i, j xj x j ) j
xj
WIO IO mII nII 2 WIO
A.2
1IO
2 2000 WIO2000 version 0.04a nII = 13
70
A.1:
( ) X I,I X I,II f I xI
( ) X I,II X I,II f II xII
eI eII ef e
A.2:
( ) X I,I X I,II f I xI
( ) W I W II W f w
eI eII ef e
nI nII AI,I
AI,II GI n
w × nI GII nw × nII w nW
nW × 1 W f
nW × 1 WIO nW nII














S i, j j
i
S si,j i = 1, · · · , nII j = 1, · · · , nW si,j ≥ 0∑nII









































f I W f ef
f I =
( nI︷ ︸︸ ︷
0 · · · 0 (fI)k 0 · · · 0
)
>, W f =
( nW︷ ︸︸ ︷
0 · · · 0
)
>, ef = 0 (A.7)
f I =
(
0 · · · 0 (fI)k 0 · · · 0
)>
, W f =
(
0 · · · 0
)>
, ef = 0 (A.8)
f I =
(
0 · · · 0
)>
, W f =
(
0 · · · 0 (Wf )k 0 · · · 0
)>
, ef = 0
(A.9)
























(f1)c 0 0 · · · 0 0






. . . (fi)c
...
. . .
(f1) (f2) (f3) · · · (fi) · · ·
(f1) (f2) (f3) · · · (fi) · · ·
(f1) (f2) (f3) (fi)
...
...
0 0 0 · · · · · · 0

(A.10)































Q1 Q2 · · · QnI
]









Aˆ (2.5) CO2 Eˆ
Qˆi =
([




























CO2 t-CO2 2.288 3.196 3.410 3.512
m3 0.189 0.281 0.352 0.378
GJ 37.072 52.040 56.255 56.611
1
1)
CO2 t-CO2 2.720 3.628 3.410 3.512
m3 0.252 0.344 0.352 0.378




CO2 t-CO2 3.399 4.036 3.410 3.512
m3 0.257 0.347 0.352 0.378
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